Background: Microbial contamination of compounded medications is a serious concern within hospital pharmacies as it can lead to severe patient injury. The United States Pharmacopeia <797> mandates that pharmacy personnel responsible for preparing compounded sterile preparations must annually demonstrate competency in aseptic technique by performing a media-fill challenge test. Objective: The purpose of this study is to evaluate the sensitivity of a commonly used mediafill test through proper and improper compounding techniques. Methods: Two aseptically trained pharmacy technicians performed media-fill challenge testing by carrying out 5 separate manipulations 5 times each for a total of 25 trials. Sterile vials, syringes, and intravenous bags were prepared. The first manipulation followed best-practice aseptic technique and sterile compounding procedures. Each of the following 4 manipulations removed one aspect of best-practice aseptic technique. The prepared products were incubated at 20°C to 25°C. A positive result for microbial contamination is indicated by visible turbidity within the vials, syringes, and intravenous bags at the following check points: 24 hours, 72 hours, 7 days, 14 days, 21 days, and >30 days. Results: Twenty-five trials, each containing 10 distinct admixtures, resulted in a total of 250 compounded preparations. No single preparation showed signs of turbidity, sedimentation, or visible microbial growth at any of the 6 checkpoints yielding a 0% contamination rate. However, the positive controls inoculated with bacteria did have positive microbial growth results. Conclusion: A more sensitive test needs to be developed to provide assurances that all poor aseptic practices are detected in compounding personnel.
Background
The United States Pharmacopeia (USP) and the American Society of Health-System Pharmacists (ASHP) began providing professional mandates and practice assistance to pharmacists and pharmacy technicians responsible for preparing compounded sterile preparations (CSPs) in the early 1990s. The initial guidelines developed included USP <1074>: Dispensing Practices for Sterile Drug Products; USP <1206>: Sterile Products for Home Use; and ASHP Technical Assistance Bulletin: Quality Assurance for Pharmacy-Prepared Sterile Products. However, these did not produce significant changes to sterile compounding practices. 1 The first set of official and enforceable sterile compounding standards and procedures, USP Chapter <797>: Pharmaceutical Compounding-Sterile Preparations, took effect on January 1, 2004 , in an effort to improve compliance. The standards set forth in USP <797> apply to all locations and individuals preparing CSPs. 1 USP <797> mandates that pharmacy personnel complete CSP training instructed by experienced staff who have previously demonstrated competency in aseptic technique. Aseptic technique requires that individuals follow bestpractice garbing and cleansing procedures and employ the appropriate strategies while compounding sterile products to ensure systematic and deliberate preparation of CSPs in an effort to avoid contamination or environmental and personnel exposure and maintain appropriate and adequate airflow. The use of audiovisual resources and didactic training serve as supplements to hands-on training. Newly hired 607537P MTXXX10.1177/8755122515607537Journal of Pharmacy TechnologyMoody et al research-article2015 1 University of North Carolina (UNC) Hospitals, Chapel Hill, NC, USA 2 UNC Eshelman School of Pharmacy, Chapel Hill, NC, USA personnel must be trained in the cleaning and disinfection practices of compounding areas, appropriate and thorough hand cleansing, and proper technique for garbing in personal protective equipment (PPE). Additionally, personnel must pass a written assessment, observational evaluation, and media-fill challenge test demonstrating competency in aseptic technique. Thereafter, USP <797> mandates personnel complete these tests annually for low-and mediumrisk-level compounding and semiannually for high-risklevel compounding. 2 Specific training, retraining if personnel fail the assessments, and performance evaluations must be documented for any individual involved in the preparation of CSPs in all of the competencies described above. 2 The contamination rates for CSPs prepared within International Organization for Standardization (ISO) Class 5 hospital environments while employing proper aseptic technique have been shown to be less than 2.2 contaminated preparations per 1 million total preparations. 3 Previous researchers have expressed concern regarding the reliability of this risk level and sensitivity of media-fill challenge testing. 4 Media-fill challenge testing of compounding personnel can only prove personnel have the ability to compound one or more sterile preparations at a specific point in time. Statistically speaking, ISO recommends that at least 3000 products be compounded to detect with 95% confidence a contamination rate of 0.1% (1:1000), the minimum sterility goal for aseptic compounding. 3 Within hospital pharmacies, the total number of sterile preparations compounded by a single technician daily and the media-fill challenge testing systems employed to validate aseptic technique fall well below the recommended value. While all compounding personnel who fail a media-fill challenge test must be reinstructed and reevaluated, a 0% failure rate for human operators does not represent a realistic and consistently reproducible goal. 4 In addition, it might put a false sense of safety that overall technique is appropriate when media-fill tests are negative. Of further concern is the improbable, yet commonly reproducible incidence of absolutely no contamination when media-fill challenge tests are performed within an ISO Class 5 environment. 3, 5 Using a method similar to the testing method utilized in this study, Stucki et al evaluated the role that high-risk manipulations of aseptic technique play in compromising sterility. 6 Their findings revealed that high-risk manipulations only conferred contamination when the manipulations took place outside of an ISO Class 5 horizontal laminarairflow hood in an ISO Class 6 clean room environment, and the manipulations producing the most contaminated CSPs were due to contact between the sterile hub of the syringe and either an unsterile object or ungloved fingers. 6 Stucki et al found that 6% of CSPs prepared in the operating room and 16% of CSPs prepared on a hospital ward conferred contamination versus no contaminated preparations in a hospital cleanroom. 6 However, holding all other aspects of the preparation constant, when septa of media-fill challenge vials were intentionally contaminated with a microbe sensitive to alcohol disinfection and commonly found on dry skin, only the products prepared using inappropriate aseptic technique yielded contamination at a rate of 2.3%. All of the preparations, both those employing appropriate and inappropriate aseptic technique, were prepared in an environment without a HEPA filter but with low air microbial contamination. 3 In direct contrast to these findings, Trissel and colleagues demonstrated higher rates of contamination for CSPs prepared within a cleanroom (5.2%) than those prepared in a non-cleanroom environment (<0.1%) through 2 independent studies. 5, 7, 8 In addition, it has been determined that contamination rates of untrained and inexperienced compounding operators can be up to 6.9% higher than their respective properly trained and experienced operators. 9 These findings illustrate that end-product contamination has more to do with aseptic technique accuracy and competency than with engineering controls providing even more of a basis for use of an accountable and accurate sterility test.
Institutional Practice
Our institution compounds all sterile products, nonhazardous and hazardous, in accordance with USP <797> standards. Hazardous drugs are compounded within a biological safety cabinet (BSC) with air quality of ISO Class 5 located within an ISO Class 7 cleanroom environment. Sterile compounding training lasting from 6 to 8 weeks is provided to all pharmacy technicians responsible for preparing nonhazardous and hazardous CSPs. The training program consists of didactic training, audiovisual instructional training, computer-based learning, and practical training targeted toward aseptic technique, cleaning, and disinfecting compounding areas, hand cleansing, and garbing technique. On completion of the training program, technicians must demonstrate competency in all of the aforementioned tasks through written and practical exams utilizing media-fill kits under the mandated engineering controls and PPE recommendations. Thereafter, media-fill testing is assessed at least annually to ensure the sterility of the low-to medium-risk preparations our institution is responsible for compounding.
Our institution's policy on the handling and disposal of hazardous drugs further imposes mandates on the proper preparation and handling of hazardous CSPs. This policy requires that 2 pairs of sterile chemoprotective gloves be worn and closed system transfer devices (CSTDs) used while preparing hazardous CSPs. Additionally, the BSCs are lined with plastic-backed absorbent pads.
The ChemoTEQ Hazardous Substances Containment/ Aseptic Technique Validation System: Hazardous Substances Compounding Validation Kit, a type of mediafill challenge testing system, is used to validate aseptic technique after completion of practical training prior to the technician preparing hazardous CSPs in a "live" position and then annually to ensure competency is maintained. However, while following recommended best practices for preparing CSPs, no pharmacy technician at our institution has ever produced a positive result for microbial contamination during their media-fill challenge assessments. This includes numerous pharmacy technicians with various expertise in aseptic technique. This raises the question of what degree of aseptic technique deficiency is necessary to produce a positive result using the media-fill challenge test and whether the test is sensitive enough to detect poor aseptic technique among pharmacy personnel preparing CSPs without conducting 3000 manipulations per technician.
Purpose
The goal of this study is to determine the sensitivity of a widely used media-fill challenge test, ChemoTEQ, by objectively assessing the results of the test through proper and improper sterile compounding techniques in an effort to ensure that the recommended testing strategy meets the desired goal of assessing individual aseptic technique competency. This study will investigate whether it is possible to introduce a detectable level of microbial contamination to a CSP by changing different parameters and testing conditions since human error due to deficient aseptic technique is the main source of CSP contamination. The purpose behind media-fill challenge testing is to prove that pharmacy personnel are adept at preparing sterile compounds. As such, a media-fill challenge testing system should be able to detect blatant deviations from the accepted standards of aseptic technique and sterile compounding procedures. This study utilized 2 hospital pharmacy technicians each having completed didactic and practical aseptic technique and sterile compounding procedure training and verification as mandated by institutional practices.
Methods

USP Recommendations for Aseptic Techniques
Recommended by USP <797> and the US Food and Drug Administration through the Current Good Manufacturing Practices (CGMPs), media-fill challenge testing is used to assess aseptic technique. USP <797> and the CGMPs outline criteria for appropriate testing conditions, media type selection, incubation environment and length, and contamination evaluation and visual interpretation. Testing must be completed in an environment that is analogous to the challenges and stress level faced under standard operating procedures. 2, 10 The growth media selected must promote growth *ChemoTEQ Hazardous Substances Containment/Aseptic Technique Validation System: Hazardous Substances Compounding Validation Kit. Cumberland, WI: Lab Safety Corporation (Lot Numbers: 0307301301 and 0307171303). of gram-positive and gram-negative bacteria, yeast, and mold. All compounded media preparations should be incubated for no less than 14 days under temperatures ranging from 20°C to 35°C. Media preparations should be visually examined for microbial contamination by personnel with appropriate education, training, and experience in inspecting media preparations. Clear containers should be employed to allow for visual detection of microbial growth. 10 Media-fill kits are available commercially and consist of sterile fluid culture media with the ability to promote the exponential colonization of microbes if contaminated with pathogens that are commonly transmitted by compounding personnel to CSPs. 11 A positive result for microbial contamination is indicated by visible turbidity within the vials or bags at the following check points: 24 hours, 72 hours, 7 days, or 14 days. The vials and bags are kept at temperatures of 20°C to 25°C or 30°C to 35°C during the incubation period. 2 
Study Methodology
Media-fill challenge testing using ChemoTEQ Hazardous Substances Containment/Aseptic Technique Validation System: Hazardous Substances Compounding Validation
Kit was conducted to determine potential microbial contamination while preparing hazardous CSPs. This particular media-fill challenge test complies with USP <797> and the FDA recommended CGMPs, as well as one utilized by our institution. 2, 10 The sterile fluid culture media used was double-strength trypticase-soy broth (2X TSB) shown to promote the growth of many common aerobic and facultative anaerobic microorganisms, including Bacillus subtilis, Candida albicans, and Aspergillus niger. The broth also contains a noninhibitory color tracer additive used to verify containment technique of CSP personnel. The ChemoTEQ Kits* were received from the manufacturer with the certificate of performance indicating USP growth performance standards have been met. 12 Additionally, the 2 pharmacy technicians completing the study visually inspected the shipping container for any loss of integrity; the media-fill vials and ampules for breakage, contamination, and discrepancy in color; and the media-fill kit as a whole for an appropriate expiration date. The compounding supplies not included in the ChemoTEQ kits but necessary to complete the study were received through the pharmacy wholesaler. Baxter manufactured the evacuated containers, intravenous (IV) administration sets, dispensing pins, and normal saline. BD manufactured the syringes and needles. MediChoice manufactured the sterile 70% isopropyl alcohol (IPA) and gloves. Hospira manufactured the sterile water for injection (SWFI), and Covidien manufactured the gowns. No issues were identified with any of the compounding products or supplies used to conduct this study.
Sterile vials, syringes, and IV bags were prepared without the use of CSTDs by 2 aseptically trained pharmacy technicians who had previously passed the required competency assessments of our institution. A total of 25 trials were carried out consisting of 5 separate manipulations (Figure 1) performed 5 times each. The trials were carried out within the ISO Class 7 cleanroom of a hospital pharmacy on a weekday during regular operating hours. This arrangement was intended to simulate the challenging and stressful conditions encountered during actual operations as closely as possible. The first manipulation followed best-practice and recommended aseptic technique and sterile compounding procedures, as defined in the appendix, with each of the 4 remaining manipulations removing one aspect of best-practice and recommended aseptic technique and sterile compounding procedures. Once an aspect was removed, it was not returned to the manipulation. The 5 manipulations were (1) the use of recommended best practices, (2) without the use of sterile 70% IPA in the form of a spray or swab, (3) without the use of gloves (2 pairs of chemoprotective gloves are used to compound hazardous drugs, neither of which were used) along with manipulation 2, (4) within an ISO Class 7 cleanroom without the use of an ISO Class 5 BSC along with manipulations 2 and 3, and (5) after the vials containing the growth medium were stored without easy removal caps, outside of a sterile cleanroom, and in air quality greater than ISO Class 8 along with manipulations 2, 3, and 4. Aside from these manipulations, the 2 technicians followed proper aseptic technique and the operational steps outlined in the appendix to carry out all 5 manipulations.
Each of the 25 trials consisted of 13 transfers and produced 10 media-fill admixtures (1 IV bag, 3 vials, and 6 syringes) for a total of 250 compounded products. The 250 final preparations were incubated at temperatures between 20°C and 25°C. A positive result for microbial contamination is indicated by turbidity or nonresoluble sedimentation within the vials, syringes, and IV bags containing the test medium at any checkpoint on or before the 14-day incubation period as defined by the ChemoTEQ system. 12 The vial, syringe, and IV bag compounded preparations were inspected at the following checkpoints: 24 hours, 72 hours, 7 days, 14 days, 21 days, and >30 days.
To serve as a positive control, the vials of 2X TSB from 8 media-fill challenge kits from the same manufacturer and lot numbers used in this study were inoculated with grampositive and gram-negative bacteria commonly found on the skin and hands: Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, and Staphylococcus aureus. Each bacterium was prepared for inoculation through 6 serial dilutions starting with a 0.5 McFarland standard. Two vials of test media were inoculated each with 0.1 mL from 3 distinct dilutions containing 10 −4 , 10 −5 , and 10 −6 of each microorganism per milliliter. Additionally, one vial of test media was inoculated with 0.1 mL of the original 0.5 McFarland standard containing 10 7 microorganisms per milliliter. These procedures were completed for each of the 4 bacteria being tested for a grand total of 28 contaminated samples. All of the contaminated vials were incubated at temperatures between 20°C and 25°C and inspected for colonization at the same time checkpoints of the compounded, noncontaminated vials. The positive controls were not subjected to the ChemoTEQ process outlined in the appendix. They simply served to demonstrate that the 2X TSB within the undiluted vials of the test kits could in fact grow common gram-positive and gram-negative strains of bacteria at varying concentrations.
Results
The current study was performed to evaluate the sensitivity of a widely used media-fill challenge test in ascertaining the competency of pharmacy personnel in aseptic technique. Each of the 25 trials consisted of the preparation of 10 distinct admixtures. Of the 250 combined preparations across the 5 manipulations, no single preparation contained turbidity, sedi-mentation, or visible microbial growth at any of the 6 checkpoints (Table 1) .
While the 2 technicians performing the 5 manipulations each compounded 125 preparations and were both aseptically trained and validated, they did not carry the same level of experience associated with preparing CSPs. One of the pharmacy technicians had practiced for 19 years, while the other technician had practiced for only 3 months. Although each technician was progressively asked to use specific improper aseptic techniques, all of the other aspects of aseptic technique were held constant. As such, the decision to select technicians with such divergent experience levels was done under the assumption that the more experienced technician should produce fewer contaminated preparations.
In contrast, all of the positive control vials had signs of positive microbial growth demonstrated by unresolvable, visible sediment and turbidity within 48 hours of inoculation. Along with the certificate of performance from the manufacturer, these results verify that the kits were functional and should, therefore, operate appropriately to validate aseptic technique.
Discussion
As noted in the results, modifying or removing various engineering controls, PPEs, or best practice aseptic procedures did not result in any positive media-fill challenges. In addition, when evaluating the media-fill products produced by pharmacy technicians with varying degrees of compounding experience, no differences were detected. These results suggest concern around the sensitivity of a test to determine proper aseptic technique as preparing media-fill CSPs in different scenarios did not produce a failure.
Since no positive results, other than the positive controls, have been detected thus far, further research is needed to evaluate media-fill challenge testing systems manufactured by different companies and develop a more sensitive test to categorize both proper and improper technique. This could include the development of new technologies or changes to the recommendations for aseptic technique validation. Media-fill challenge testing is the most realistic way to assess aseptic technique competence. However, without a test that delivers accurate and appropriately sensitive results, institutions cannot have confidence that their pharmacy technicians possess and are practicing proper aseptic technique. That concern exists for our institution due to a lack of a positive media-fill challenge product across numerous years of assessing aseptic technique using media-fill challenge tests. Limitations of this study include the evaluation of only one specific brand of media-fill challenge test and limiting each technician to 125 preparations, instead of preparing 1500 products each for a total of 3000 as statistically recommended by ISO.
Conclusion
In conclusion, evaluation of 250 compounded microbial growth media products prepared by 2 aseptically trained and validated pharmacy technicians employing 5 distinct manipulations of best-practice aseptic technique and sterile compounding procedures yielded a 0% contamination rate. A more sensitive media-fill challenge test needs to be developed to provide assurances that all poor aseptic practices are detected in compounding personnel.
